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Express Mail No. EU712714887US 
REDUCTION OF DOPANT LOSS IN A GATE STRUCTURE 



TECHNICAL FIELD 
The present invention relates generally to processes for the manufacture of 
semiconductor devices and, more particularly, to the formation of nitride spacers for a 
gate electrode. 

BACKGROUND OF THE INVENTION 
As feature sizes of me.al-oxide-semiconduc.or (MOS) and complementary tnetal- 
oxi de- S emiconduc,or (CMOS) devices are reduced, the laleral electric field generated ,„ 
MOS devices increases. A strong enough electric field gives rise hot- 
carrier" effects in MOS devices. Hot-carrier effects cause unacceptable perfomrance 
degradation particularly in MOS devices win, short channel lengtirs, , 
0 5 um To overcome the ho, carrier instability problems of MOS devtces, MOS dev.ces 
can be provided with shallow lightly doped source/drain regions .ha. extend jus. .0 me 
ga ,e electrode region and heavily doped source/drain regions that are laterally dtsplaced 
away from the gate electrode region. 

The lightly doped regions are used to absorb some of the po.en.ial mto .he dram 
and thus reduce me electric field. The field is reduced by the lightly doped regtons 
because the voilage drop is shared by the drain and the channel, in contrast to a 
conventional drain structure, in which almost the entire voltage dnop occurs across the 
channel region. The reduction of tire electric field causes a reduction in ho. camera 
injected into a gate dielectric, which greatly increases the stability ofthedev.ee. 

The lightly doped source/drain regions are typically formed in the semtconductor 
subs tra,e using the gate electrode and sidewall space, as a mask during the tightly doped 
sonrce/drain implantation. The sidewall spacers can be formed alongstde the gate after 
the tighfty doped soutce/drain implantation. The heavily doped regions can then be 
formed in the semiconductor substrate using the gate electrode and additional stdewal. 
spacers Ia.em.ly displaced from the gate electrode as a mask during the heavy dose 
source/drain implantation. 
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The sidewall spacers, which are used in the formation of me lightly doped 
reg ions can he formed from materials, snch as silicon nitride and silicon dioxide. Srhcon 
nitride spacers are typically formed by firs, providing an oxide layer over the gate. The 
oxide layer functions as an etch stop during formation of the sUicon nitride spacer, The 
5 oxide layer is typically provided by thermal oxidation processes, such as raprd 

temperature processing (RTP). A nitride conformal ftlm can then be deposited over the 
gate, and .he nitride film can be anisotropic^ etched by an etching process, sneh as 
plasma etching. 

The thermal oxidation process used to form the oxide layer can potentially cause 
10 dopant migmfion or other unwanted effects in smrounding device areas. Dopant 

ntigration from the gate to the oxide layer - deplete dopant ions fiom the gate, whrch 
can adversely affect the e.ectiiea, performance of the MOS device. For example, a MOS 
device in which dopant ions are dep.e.ed fiom the gate can have a higher resistance, 
,„wer carri er concentration, and lower drive curten, compared to a MOS device m whtch 
15 the dopant ions are not depleted from the gate. 

SUMMARY OF THE INVENTION 
The present invention relates generally to a semiconductor device and to a 
fabricationmethod for me semiconductor device (e.g., aMOS field effect transistor 
(MOSFET) of a flash memory). The semiconductor device can include offset spacers 
,ha, contact opposing side surfaces of a gate of a gate structure. The gate can be doped 
and include a top surface that interconnects the opposing side surfaces. A po.y re-oxtde 
can be formed by selectively depositing <e.g„ physical vapor deposition (PVD)) an oxtde 
,ayer over the gate and tire semiconductor substrate so that the opposing side surfaces of 
25 the gate are substantially free of the oxide layer. Offset spacers can then be formed that 
contact the opposing side surfaces of the gate. The offset spacers can mitigate opant 
,oss and poly-depletion that could potentially occur from the opposing side surfaces of 
toe gate and improve the operation performance of the gate structure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other aspects of the present invention will become apparent to 
those skilled in the art to which the present invention relates upon reading the Mowing 
description with reference to the accompanying drawings. 

FIG. 1 illustrates a schematic cross-sectional view of a MOS structure in 
accordance with an aspect of the invention. 

FIG. 2 illustrates a schematic cross-sectional view of a substrate with an n-well. 
FIG. 3 illustrates a schematic cross-sectional view of the n-well of FIG. 2 after a 
dielectric layer has been formed over the n-well 

FIG. 4 illustrates a schematic cross-sectional view of the n-well of FIG. 3 after a 
conductive layer has been deposited over the dielectric layer. 

FIG. 5 illustrates a schematic cross-sectional view of the structure of FIG. 4 after 
a mask has been formed over the conductive layer. 

FIG. 6 illustrates a schematic cross-sectional view of the structure of FIG. 5 after 
1 5 an etching process has been initiated. 

FIG. 7 A illustrates a schematic cross-sectional view of the structure FIG. 6 after a 
poly re-oxide layer has been deposited. 

FIGS. 7B, 7C, 7D, and 7E illustrate, respectively, apparatuses for depositing the 
etch stop layer of FIG. 7 A. 

FIG. 8 illustrates a schematic cross-sectional view of the structure of FIG. 7A 
after a nitride layer has been deposited. 

FIG. 9 illustrates a schematic cross-sectional view of the structure of FIG. 8 after 
nitride offset spacers have been formed. 

FIG. 10 illustrates a schematic cross-sectional view of the structure of FIG. 9 
25 undergoing implantation of an LDD implant. 

FIG. 1 1 illustrates a schematic cross-section view of the structure of FIG. 10 after 
sidewall spacers have been formed adjacent the nitride spacers. 

FIG. 12 illustrates a schematic cross-sectional view of the structure of FIG. 11 
after ion implantation has been initiated to form the source and the drain regions. 
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DETAILED DESCRIPTION 
The present invention re.ates generally to a semiconductor device (e.g. , MOSFET 
ofamemoryarrartandafabrica.ionme.hodfor.hesemicondnctordev.ce.The 

semiconductor device includes offset spacers that contact opposrng side surfaces of a gafc 
of a gate structure. The gate caa be doped and include a top surface that interconnects the 
opposing side surfaces. A poly re-ox,de can he formed hy selectively depositing an ox.de 
,ayer over the gate of fte semiconductor device so that the opposing side surfaces of the 
gate are suhslantially free of the oxide layer. A nitride .ayer can he deposited over the 
gateandetched.ofotmtheoffsetspacets. The offiet spacers in contact with the 
opposing side surfaces of the gate can mitigate dopant loss and poly-depletion from the 
gate Mitigation of dopant loss and poly-depletion from the gate increases the earner 
concentration, reduces the externa, resistance, increases drive current, and device speed 
of the gate structure compared to a gate structures in which dopant from the gate ts 
allowed to diffuse from the opposing side surfaces. 

FIG 1 illustrates a PMOS structure 1 0 of a semiconductor device in accordance 
with an aspect of the invention. The PMOS structure 10 can be fonned of a substrate 
material .4 having embedded therein an n-wel, ,6. The substrate materia, Hcanbeap- 
type semiconductor material and the n-well 16 can be formed in the p-type 
semiconductor material, for example, by implanting an n-.ype dopant, such as 
phosphorous (P), in the p-.ype substrate ma.erial 14. It is to be appreciated drat me 
PMOS struct is provided for illustrative purposes and mat the subsfra.e 14 can mclude 
a plurality of PMOS structures and other integrated circuit devices. 

The PMOS structure 10 can include spaced apart source and drain regtons 1 8 
and 20 which are formed in men-well 16, and a chamtel region 22, which is defined 
between fire source m d drain regions 18 and 20. The source region 18 and dram 
region 20 can be formed respectively by se.ectively implanting a light source/dram S/D) 
p-type implant, such as boron 1 1 (B„), boron dtnuoride (BF 2 ), or any other p-type dopant 
and aheavier dose of a S/D implant (eg., B„ and BF,) in fire n-well ,6. The source 
region 1 8 and drain region 20 can also include a p-source contact and a p-drain contact 
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(no. shown). The souree region 18 and drain region 20 ean he silieided to reduee eontae. 
resistance and prevent junction spiking. 

A gate structure 24 can be formed over the channel region 22. The gate 
structure 24 includes a relatively thin gate dielectric layer 26 (e.g., having a uniform 
5 thickness between about 5 A and about 125 A) that can be formed (e.g., by thermal 

oxidation) over the channel region 22. The gate dielectric layer 26 can be an oxide {e.g., 
silicon dioxide (Si0 2 )) or any other dielectric material suitable for use as an insulator » a 
MOS device. A gate electrode 28 can be formed {e.g., by chemical vapor deposition 
(CVD)) over the gate dielectric layer 26. The gate electrode has opposing side surfaces 
10 30 and 32 and a top surface 34 that interconnects the opposing side surfaces 30 and 32. 
The gate electrode 28 can comprise, for example, a polysilicon gate material or a re- 
crystallized polysilicon gate material that is doped with a p-ty P e dopant {e.g. , B, , and 

BF 2 ). 

The gate structure 24 can also include offset spacers 40 and 42. The offset 
15 spacers 40 and 42 can be formed {e.g., by CVD and RIB etching) adjacent to and in 

contact with the gate electrode 28 substantially along the opposing side surfaces 30 and 
32 of the gate electrode. The offset spacers 40 and 42 can mask the implantation of the 
lightly dose source/drain implant into the n-type well 14 immediately adjacent the gate 
electrode 28 area to mitigate shorting the source region 1 8 and drain region 20 to the gate 

20 electrode 28. 

The offset spacers 40 and 42 can comprise a nitride material, such as silicon 
nitride (Si 3 N 4 ). Nitride materials, such as silicon nitride, have high dielectric constants 
(k) (e g, about 7) and are resistant to implantation of dopants by doping processes and to 
diffusion (or migration) of dopants from doped materials in contact with the nitride 

25 material. By forming the offset spacers 40 and 42 from a nitride material that contacts 
the opposing side surfaces 30 and 32 of the gate electrode 28, dopant outdiffusum from 
the opposing side surfaces 30 and 32 of the gate electrode 28 can be mitigated. Thus, 
dopants within the gate electrode 28 can be readily retained and poly-depletion of the 
gate electrode 28 can be mitigated. 
30 ~ The gate structure 24 can further include a cap layer 50 that overlies the offset 

spacers 40 and 42 as well as the source region 1 8 and drain region 20, which are formed 
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in ,he n-well 16 of the substrate 14. The cap layer 50 can be formed by depostttng («*. 
CVD) an insulating materia., such as Si0 2 over the offset spacers 40 and 42 and the 
substrate 14. The cap layer can function as an etching stop during processing of the gate 
structure 24. 

5 Sidewall spacers 52 and 54 can be formed over the cap layer 50. The srdewall 

spacers 52 and 54 can be .a.erally displaced ftom the gate 28 and contact the cap layer 50 
along outer surfaces 56 and 58 of the cap layer 50. The sidewall spacers 52 and 54 can 
each include a nitride layer 60 and an oxide layer 62. The nitride layer 60 can be formed 
ftom a nitride materia, (e.g., sm) that can be deposited (e.g.. by CVD) over the cap 
10 layer The oxide layer 62 can be formed from an oxide material (,g. ; Sift) mat can be 
deposited (e.g., by CVD) over the nitride layer and etched (e.g.. by WE etching). The 
sidewall spacers 52 and 54 can mask the implantation of the heavy dose source/dram 
implant into the n-well 16 of the p-type substrate 14. 

FIGS 2-11 illustrate a methodology of fabricating part of a gate structure of a 
,5 semiconductor device. Referring to FIG. 2, an n-well 100 can be formed in a p-type 

substrate layer 102 by implanting an n-type dopant, such as phosphorous and/or arsemc, 
into the p-type substrate layer 102. The p-type substrate layer 102 can be formed from a 
semiconductor material, such as silicon or polysilicon. The substrate layer 102, however, 
could be formed from any material, such as gallium arsenide, germanium, srhcon- 
20 germanium, epitaxial formations, silicon carbide, indium phosphide, silicon-on-insulator 
substrates (SOI), strained Si snbs.ra.es, and/or other semiconductor substrate matenals. 

During formation of the n-well 100 in the p-type substrate layer 1 02, a patterned 
photoresist layer (no. shown) can be provided on the p-type substtate 102. The patterned 
photoresist layer can have a thickness suitable for casing on, the present inventton. 
25 Accordingly, the thickness of the patterned photoresist layer can vary in correspondence 
with the wavelength of radiation used to pattern the photoresist layer. The patterned 
photoresist layer can be formed by providing a photoresist layer over the p-.ype substrate 
layer 102 via conventional spin-coating or spin casting deposition techntques. The 
photoresist layer can be etched (,g„ anisotropic reactive ion etching (HE)) to prov.de 
30 the patterned photoresist layer. A selective etch technique can be used to etch the 

photoresist layer at a relatively greater rate as compared to the rate of the undetlytng p- 
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type substrate layer 102 to provide the patterned photoresist layer. The patterned 
photoresist layer ean be used as a mask to define the area of the n-well 1 00 dunng 

implantation of the n-type dopant. 

The implantation of me n-type dopant ean be performed, for example, ustng an 
ion implanter that aceelera.es the dopant ions (,g., P) at a high energy (e.g., abon, 150 to 
abont 250 KeV). In an aspect of the invention, the n-well 100 can be formed wtth 
multiple implants, such as achannel stop implant (C) andawell implant (W,) tmplaut. 
The C, implant puts the peak doping concentration a. the bottom of the n-well 102. It „ 
designed .0 raise .he turn-on voltage of the PMOS structure. The C« implant can 
comprise a phosphorous implant a. doses of abon. 3*10" cm* to abou. 7, .0 cm a. 
energies of about 180 keV to abou. 330 keV. The W, is a high-energy implant and forms 
a deep low resistanee region in .he n-well. This low resistance region keeps the voltage 
close to ground everywhere in the n-well 100 and prevents transient voltages from 
building up. The W, implant may comprise a phosphorous implant a. doses of about 
2,10" cm ! to abon. 9*10" cm 2 a. energies of abou. 350 keV to abou. 850 keV. 

After ion implantation, the patterned photoresist can be stripped off the 
substrate 102 (e.g., Ultra-Vio.e, (UV) Ozone (O,)/ Su.fttric Acid (H 2 S0 4 ) and cleaned by 
we. chemical cleanup processes. Those skilled in me ar. would be familiar with a v m ety 
of different we. chemical cleanup procedures that can be employed to clean the structure. 

FIG 3 illustrates that a gate dielectric layer 104 can be formed over the n- 
weH 100 mat was formed in the p-type -b-ntt layer .02. The dielechic layer 104 can 
be formed by an oxidation process, which forms an oxidation layer («*. silicon dtox.de 
(SiOr) layer). The gate dielechic layer 104 can have a thickness of about 5 A lo 
about 125 A, and be formed by a wet and/or dry thenrtal oxidation processmg. Thennal 
oxidation is the s,andard method of forming a gate dielectric layer 104 having a .htoknesa 
of abou. 5 A .o abou. 125 A. It is to be appreciated .ha. alternate methodologtes besmes 
thermal oxidation can be employed .o form the gate dielectric layer 104. For example, 
any suitable technique (e.g., plasma enhanced CVD, thenrtal enhanced CVD and spm on 
techniques) may be employed in forming Ore gate dielectric layer 104. 

Additionally, alternate materials can be employed to provide the gate dtelectrtc 
layer 104 The gate dielectric layer 104 can be, for example, SiOr or another sutrable 
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oxide material that can perform the operation associated with the gate dielectric 
layer 104 Examples of some materials that could be utilized as the gate dielectric 
layer 104 include A10 3 , Zr0 2 , Hf0 2 (AlHf) O x , HfD 2 , La 2 0 3 and Y 2 0 3 , hamium silicon 
oxynitride and silicon oxynitride to name a few. Those skilled in the art will understand 
and appreciate appropriate types of deposition techniques that can be employed to grow 
suitable crystalline structures to the form gate dielectric layer 104, such as those 
identified above. It is to be further understood and appreciated that other matenals also 
could be employed to form the gate dielectric layer 104. 

FIG 4 illustrates that a conductive layer 106 can be deposited over the dielectric 
layer 104 to provide the gate electrode. The conductive layer 106 can be doped with a p- 
type dopant, such as B„ and BF 2 . If the conductive layer 106 is comprised of 
polysilicon, the conductive layer 106 may be formed using any suitable technique 
including CVD techniques, such as low-pressure CVD (LPCVD) or plasma-enhanced 
CVD (PECVD) The polysilicon can be formed in a polycrystalline state or an 
amorphous state, which is later converted to a crystalline state. The polysilicon can also 
be formed using in-situ doping techniques and implantation technique, If the conductive 
layer 106 is comprised of amorphous silicon or germanium, standard deposition 

techniques may be employed. 

FIG 5 illustrates that a patterned photoresist layer 108 can be formed over the 
conductive layer 106. The patterned photoresist layer 108 can have a thickness suitable 
for carrying out the present invention. Accordingly, the thickness of the patterned 
photoresist layer 108 can vary in correspondence with the wavelength of radiation used to 
pattern the photoresist layer. The patterned photoresist layer 108 can be formed by 
providing a photoresist layer over the conductive layer 106 via conventional sptn-coattng 
or spin-casting deposition techniques. The photoresist layer can be etched «*.. 
anisotropic reactive ion etching (WE)) to provide the patterned photoresist layer 1 08. A 
selective etch technique can be used to etch the photoresist layer at a relatively greater 
rate as compared to the rate of the underlying conductive layer 106 to provide the 
patterned photoresist layer 108. The patterned photoresist layer 108 can be used as a 
mask 108 to define the area of a gate electrode (FIG. 6) during a subsequent etchtng 
process. 
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Fig 6 illustrates an etching process 1 10 being performed to remove the 
conductive layer from the p-type substrate 102 to form the gate electrode 120. Any 
suitable etch technique can be used to etch me conductive layer 106. For example, the 
conductive layer 106 can be anisotropic^ etched with a plasma gas(es), (e.g.. carbon 
5 tettafluoride (CF.) containing fluorine ions) in a commercially available etcher, such as a 
paralle. plate WE apparatus or, an electron cyclotron resonance (ECR) plasma reactor. 
Any combination of a wet or dry etch process can be employed ,o etch the conducnve 
,ayer 106. In one aspect, a selective etch technique can be used to etch the conducnve 
la yer 106 a. a relatively greater rate as compared to the rate of the patterned pho.ores.st 

10 layer 108. 

Following .he etching process 1 10, the patterned photoresist layer 108 can be 
stripped offthe gate electrode (e.g., Ultra-Vio.e. (UV) Ozone (0 3 V Sulfuric Acrd 
(H 2 S0 4 ) and cleaned by we. chemical cleanup processes. Those skilled in .he art would 
be familiar with a variety of different chemical cleanup procedures that can be employed 

1 5 to clean the structure. 

FIG 7A shows that an oxide material 200 can be deposited over the gate 120 
and the n-well 100 so that a top surface 202 of the gate 120 and surfaces 204 and 206 of 
the n-well 100 adjacent the gate are covered with a layer of oxide material 200 havmg a 
firs, thickness (e.g., about 15 A in thickness), and the opposing side surfaces 210 and 212 
20 of the gate are substantially free of me oxide material 200 (eg, the thickness of the oxtde 
material 200 on the opposing side surfaces 210 and 212 of the gate 120 is less than about 
2 A) The oxide material 200 functions as an etching stop during subsequent formatton 
of offset spacers (FIG. 9) that contact the opposing side surfaces 210 and 212 of the gate 
120 The oxide material 200 can create an accumulation layer, which can potenttally 
increase carrier concentration, reduce external resis.ance, increase drive current, and 

device speed of the gate structure. 

The oxide material 200 can comprise any oxide material typically used as an 
insulator and as an etching stop during the fabrication of a semiconductor device. 
Examples of some oxide materials can be Si0 2) A10 3 , Zr0 2 , Hf0 2 (AlHf) O x , Hf0 2 , 
La 2 0 3 Y 2 0 3 , silicon oxynitride, and hafnium silicon oxynitride. The oxide matenal can 
affect the final distribution of dopants in the gate 120. The dopants in the gate 120 can be 
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more soluble in «he oxide maleria. lha» the gate 120 and ean potentially diffuse mto the 
oxide layer. By depositing the oxide materia, on jus. the top surface 202 of the gate 120 
and the adjacent surfaces 204 and 206 of the substrate 102, dopan. depletion (dopant 
diffusion) from the opposing side surfaces 210 and 2.2 of the gate .20 ean be effeeuve.y 
mitigated compared to gate structures in which the opposing sides surfaces of the gate are 
covered with an oxide layer. It is to be further understood and appreciated .ha. other 

oxide materials can also be employed. 

A variety of techniques can be used .0 deposit the oxide material 200 on the top 
surface 202 of the gate 120 and the adjacent surfaces 204 and 206 of the n-wel. 100 
without depositing the oxide material 200 on the opposing side surfaces 210 and 2t2 of 
the gate 120. An example of one technique that can be used to deposit the oxide matenal 
200 is physical vapor deposition (PVD) (i.e., sputtering). FIG. 7B illustrates a 
conventional isotropic sputtering apparatus 220 that can be used to deposit the oxtde 
material 200 on the top surface 202 (FIG. 7A) of me gate 120 and the adjacent 
surfaces 204 and 206 of the n-well 100 without depositing the oxide material on me 
opposing side surfaces 2t0 and 212 of the gate 120. A conventional sputtenng 
apparatus 220 may inciude a substrate holder 222. The substrate hotder 222 can hold a 
substrate 224, that is to be processed, in an essentially parallel orientation to a target 226. 
The target 226 may be formed from an oxide material that is to be depostted (eg., Si0 2 ). 
Reactive sputtering could also be used wherein a compound material (e.g., SiOj) is 
deposited using an unoxidized target material (e g., Si) and a reactive sputtenng gas 

(oxygen in this case). 

A magnet 228 may be disposed on one surface of the target 226, while an 
opposite surface can face the substrate 224. The target 226 may also be connected to a 
DC or RF power source 230 while the substrate 224 may be connected to ground 231. 
The application of a voltage to the target 226 can result in the formation of a plasma in 
which the ionized species are accelerated into the target material, a portion of which is 
ejected due to the collision, resulting in sputtered particles 232 being released from the 
target 226 In the conventional approach illustrated, sputtered particles 232 can be 
incident on the substrate 224 from various directions due to scattering and the trajectory 
of emission from the target material. Consequently, the sputtering apparatus 220 can 
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provide isotropic sputtering particles 232 on the top surface 202 of the gate 120 and the 
substrate 102 with a minimal amount of particles 232 on the opposing side surfaces 210 

and 212 of the gate 120. 

It may be desirable to use anisotropic sputtering methods for depositing the oxide 
material 200 when a high density of gate structures are formed on a substrate, such as the 
formation of multiple gate structures for a memory array. Such methods may generate 
sputtered particles that have a substantially vertical incidence with the top surface of the 
gate and the substrate. In such an environment, the number of sputtered particles that 
adhere to the opposing side surfaces of the gate is further reduced with respect to 
isotropic sputtering methods. Examples of anisotropic sputtering methods include a 
colhmated sputter method, a "long throw" sputtering method, and an ionized metal 
plasma sputtering method, to name a few. 

FIG 7C illustrates a collimated sputtering apparatus 240. The collimated 
sputtering apparatus 240 may include a substrate holder 242 that can hold a substrate 244 
in an essentially parallel orientation to a target 246. The target 246 may be formed from 
an oxide material that is to be deposited (e.g., Si0 2 ) or the oxide material may be 
deposited using reactive sputtering from a non-oxidized target. In this case the sputtering 
gas would contain oxygen that would be incorporated into the film during deposition. 
The target 246 may be connected to a DC or RF power source 248 while the substrate 
holder 242 may be connected to ground 250. A magnet 252 may be disposed on one 
surface of the target 246, while an opposite surface can face the substrate 244. The 
apparatus 240 further includes a shielding plate, referred to herein as a collimator 254. 
The collimator 254 may be disposed between the target 246 and the substrate 244. 

The collimator 254 may discriminate between sputterred particles 256. More 
particularly, of the various sputterred particles 256 released from the target 246, the 
collimator 254 may only allow particular sputterred particles 258 to pass through to the 
substrate 244. Particular sputterred particles 258 may be those sputterred particles having 
an essentially vertical incidence with the substrate 244. In this way, in a collimated 
sputtering method, particular sputtered particles 258 may be selectively passed through to 
the substrate 244, thereby providing an essentially anisotropic deposition of an oxide 
material (e.g., Si0 2 ). 
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As one specific example, a collimated sputtering method may have the followmg 
condition, A sputtering chamber 260 may have an aspect ratio of about 2. A sputtenng 
chamber 260 pressure may be about 2 mTorr to about 10 mTorr. A substrate temperature 
nray be about 15TC to about 250»C. A DC power may be abou, 1.0 kW to about 2.0kW. 

A long throw sputtering apparatus 270 is shown in FIG. 7D. A long throw 
sputtering apparatus 270 may include a substrate holder 272 that can hold a substrate 274 
in an essentially paralle. orientation to a targe. 276. The target 276 may be formed from 
an oxide material that is to be deposited (e.g., SiOJor the oxide material may be 
deposited using reactive sputtering from a non-oxidized target. In this case the sputtenng 
gas would contain oxygen that would be incorporated into the film during deposition. 

The target 276 may be connected to a DC or RF power source 278, while the 
substrate holder 272 may be connected to ground 280. A magnet 282 may be disposed 
on one surface of .he .arge. 276, while an opposite surface can face the substrate 274. 
The application of a voltage to the target 276 can generate a plasma that results m the 
emission of spnttened particles from the target 284. The .ong throw sputtering apparatus 
270 may differ from a conventional sputtering apparatus in a chamber pressure and/or m 
distance between a targe. 276 and the subs.ra.e 274. For example, in a convenfonal 
sputtering apparatus, such as that shown in FIG. 7B, sputtering may be conducted at a 
pressure in the general range of 2.0 to 10.0 mTorr. In conlrast, according to one 
embodiment, a long throw sputtering method may be performed at a lower pressure, such 
as 1 0 mTorr or less. In addition, or alternatively, the distance between the targe. 276 and 
the substrate 274 may be abou. three to six times longer titan in a conventional sputtenng 
apparatus. 

A lower sputtering chamber pressure can result in a longer mean free path for 
sputtering particles 284. Consequently, sputtering particles 284 released from the 
target 276 may have straighter paths, and not be scattered multiple times, as in a 

conventional sputtering process. 

A longer distance between the target 276 and the substrate 274 may lead to more 
sputtering particle anisotropy. More particularly, those particles 284 that are released at 
an angle that is tilted with respect to the substrate 274 (i.e., have substantially non- 
vertical path components) may attach to sidewalls 286 of a sputtering chamber 288. 
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Thus substantially most of the sputterred partic.es 284 that may reach the substtate 274 
have an essentially vertical incidence, thereby providing an essentially anisotropic 
deposition of the oxide material (e.g., Si0 2 ). 

' An ionized metal plasma sputtering apparatus 300 is shown in FIG. 7E. An 
ionized metal plasma sputtering apparatus 300 may include a substrate holder 302. The 
substrate holder 302 can hold a substrate 304, mat is .0 be processed, in an essentially 
paranel orientation to a target 306. The target 306 may be formed from a oxide matena, 
that is to be deposited (,g., SiC,)or the oxide materia, may he deposited using reacttve 
sputtering from a non-oxidized target, to this ease the sputtering gas would eontam 
oxygen that would be incorporated into the film during deposrtton. 

The target 306 may be connected to a DC or RF power source 3 10 whtle the 
substrate ho.der 302 may be ejected to ground 312. A magnet 314 may be disposed 
on one surface of me targe. 306, while an opposite surface can face toe substrate 304. 
The apparatus 300 further includes a coil 320 disposed between toe target 306 and toe 
substrate 304. The coil 320 may be connected to a RF power source (not shown). 
T heappliea«ionofavol.agetothetarg.t306canresultintoeformationofa 

piasma in which toe ionized species are accelerated into the targe, material, a portion of 
which is ejected due to toe collision, resulting in sputtered particles 322 being generated 
Same comments abou, formation of plasma and emission of sputtered particle, The cot, 
320 may generate a high-density inductively coupled RF plasma, which can tomze 
sputtenng particles 322. Such ionized sputtering particles 322 may .hen be influenced by 
the electrical field between toe targe. 306 and toe substrate 304 .o have a vertical 
incidence with toe substrate 304. In ftis way, in an ion plasma method, sputterred 
particles 322 are ionized and then influenced by an eleclrical field to provide an 

essentially anisotropic deposition of a material (e.g., SiOr). 

As bn, one specific example, an ion metal plasma sputtering method may have toe 

following conditions. A sputtering chamber 330 pressure may be about 20 mTorn A 

substrate temperatitre may be abou. 150°C. A DC power may be abou. 2.3 kW. A RF 

power for toe coil 320 may be about 2.8 kW. 

It will be further be appreciated that other methods (e.g., laser ablation) and 

apparatuses can be employed to deposit toe oxide material on toe top surface 202 of toe 
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gate 120 and the adjacent surfaces 204 and 206 of the n-well 100 without depositing the 
oxide material on the opposing side surfaces 210 and 212 of the gate 120. 

FIG 8 illustrates that following deposition of the oxide material 200, a layer 350 
can be formed over the gate stnrctnre. The layer 350 can iuc.ude any material that can 
mitigate diffusion of the dopant from the opposing side surfaces 210 artd 212 of the 
gate 1 20 and reduce electric field effects, which can occur as a result of subsequent 
heavily doped source/drain implantation. Ar> example of a material that can mrftgate 
diffusion of the dopant from the opposing side surfaces 210 and 212 of.be gate 120 and 
reduce e.ectric field effects is a nitride materia., such as silicon nitride. The layer 350 can 
be formed using any suitable technique including CVD techniques, such LPCVD or 
PECVD. Other techniques, such as standard deposition techniques and sputtenng 

techniques can also be used. 

FIG 9 illustrates that the layer 350 can be etched (eg., anisohopic reactive ton 
etching (WE)) to provide offset spacers 354 and 356. The offse. spacers 354 and 356 
mi ,iga,e diffusion of me dopant from the opposing side surfaces 210 and 212 of the gate 
120 aard can mitigate impfanfation of lightly doped source/drain implants into areas of the 
„. W ell 100 substantially proximate the gate f20. The tayer 350 can be etched using we. 
or dry etching. The etching technique can be anisotropic ,0 allow tire layer 350 overlytng 
.he top surface 202 of the gate 120 to be substantially removed while leaving layers 350 
contacting the opposing side surfaces 2t0 and 212 of .he gate f20. For example, a s.ltcon 
nitride layer 350 can be anisotropic* etched with a plasma gas(es), such as carbon 
tefrafluoride (CF 4 ) containing fluorine ions, in a commercially available etcher, such as a 
paralfe. plate WE apparatus or, an electron cyclotron resonance (ECR) ptasma reactor. I. 
will be appreciated that other anisotropic etching techniques are known and can be 
employed to etch the silicon nitride. 

FIG 10 illustrates that following formation of the offset spacers 354 and 356 a 
patterned photoresist layer 360 can be formed over tire n-wel. 100 laterally spaced from 
the gate 120. An implantation process 362 can then be initiated to form a shallow hghtly 
doped source region 364 and a shallow lightly doped drain region 366 in the n-well 100 
of the p-.ype substrate f02. The implantation process 362 can be performed usmg an ton 
implanter that accelerates p-Hghtly doped drain implants (LDD implants) into the n- 
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well 100. The p-LDD implants can comprise p-type dopants, such as Bu and/or BF 2 . 
The p-LDD implant can be optimized depending on the application. Those skilled in the 
art will understand and appreciate that other dopants can be used as the LDD implant. 
The LDD implant can be effectively blocked by the patterned photoresist layer 360, the 
gate electrode 120, and the offset spacers 354 and 356 during implantation of the n- 
well 100 to define a channel region 368 between the source region 364 and drain 
region 366. The channel region 368 can be substantially aligned below the gate 
electrode 120. 

After formation of the LDD source region 364 and LDD drain region 366, the 
patterned photoresist layer 360 can be stripped off the substrate 102 (e.g., ultra-violet 
(UV) ozone (0 3 )/ sulfuric acid (H 2 S0 4 ) and cleaned by wet chemical cleanup processes. 
Those skilled in the art would be familiar with a variety of different chemical cleanup 

procedures that can be employed to clean the structure. 

FIG. 11 illustrates that following formation ofthe LDD source region 364 and 

LDD drain region 366, a cap layer 370 and a sidewall spacers 372 and 374 can be formed 
over the n-well 100 adjacent the offset spacers 354 and 356. The cap layer 370 can be 
formed by depositing an oxide material, such as Si0 2 , over the n-well 100, the gate 120, 
and the offset spacers 354 and 356. The cap layer 370 functions as an etching stop dunng 
formation ofthe sidewall spacers 372 and 374. The oxide material can comprise any 
oxide material typically used as an insulator and as an etching stop during the fabrication 
of a semiconductor device. Examples of some oxide materials that could be utilized can 
include Si0 2 , A10 3 , Zr0 2 , Hf0 2 (AlHf) Ox, Hf0 2 , La 2 0 3 , Y 2 0 3 , silicon oxynitride, and 
hafnium silicon oxynitride. The oxide material can be deposited using any suitable 
technique including CVD techniques, such as LPCVD or PECVD. Other techniques, can 
also be used, provided that they result in sufficient sidewall coverage. It is to be further 
understood and appreciated that other material besides oxide materials can be used to 

form the cap layer 370. 

The sidewall spacers 372 and 374 can be formed over an outer surface 376 ofthe 
cap layer 370 and be laterally displaced from the gate 120 and the offset spacers 354 and 
356 The sidewall spacers 372 and 374 can mask the implantation of a heavy dose 
source/drain implant into the n-well 100. The sidewall spacers 372 and 374 can each 
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include a nitride layer 380 and an oxide layer 382. The nitride layer 60 can be formed 
from a nitride material (e.g., Si 3 N 4 ) that can be deposited over the cap layer 370. The 
nitride material can be deposited using any suitable technique including CVD techniques, 
such as LPCVD or PECVD. Other techniques can also be used provided that they result 

in sufficient sidewall coverage. 

The oxide layer 382 can be formed from an oxide material that can be deposited 
(e g. by CVD) over the nitride layer 380. The oxide material can comprise any oxide 
material typically used as an insulator and as an etching stop during the fabrication of a 
semiconductor device. Examples of some oxide materials that could be utilized as the 
oxide material can include Si0 2 , A10 3 , Zr0 2 , Hf0 2 (AlHf) Ox, Hf0 2 , La 2 0 3 , Y 2 0 3 , 
silicon oxynitride, and hafnium silicon oxynitnde. The oxide material can be deposited 
using any suitable technique including CVD techniques, such as LPCVD or PECVD. 
Other techniques can also be used provided that they result in sufficient sidewall 
coverage. It is to be further understood and appreciated that other oxide materials can 
also be used. 

The deposited oxide layer 382 and nitride layer 380 can be etched using wet or 
dry etching to form the sidewall spacers 372 and 374. The etching technique can be 
anisotropic to allow any portion of the oxide layer 382 and nitride layer 380 overlying the 
top surface 202 of the gate 120 to be substantially removed while leaving oxide layer 382 
and nitride layer 380 overlying the outer surface 376 of the cap layer 370. 

FIG. 12 illustrates that following formation of the sidewall spacers 372 and 374, 
an implantation process 390 can be initiated to implant a heavy dose p + source/drain 
implant suchasB 11 and/orBF 2 . The p + S ource/drain implant can be effectively blocked 
by the gate electrode 120 and the sidewall spacers 372 and 374 during implantation into 
the n-well 100. The p + source/drain implant penetrates the n-well 100 to slightly below 
the LDD regions 364 and 366 to define source and drain regions 394 and 396 with a high 

p + impurity content. 

Additional processing steps can be performed to complete the PMOS structure 
after formation of the source region 394 and the drain region 396. For example, the 
source region and drain region can be silicided to reduce contact resistance. 
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Those skilled in the art will also understand and appreciate that variations in the 
processing operations can he utilized in the formation of a gate structure in accordance 
with an aspect of the present invention. For example, it is to be appreciated that an n- 
type substrate material can be provided instead of providing a p-type substrate matenal 
and forming an n-well in the p-type substrate material. It is also to be appreciated that 
trench isolation regions can be formed in the substrate to define an active region in winch 
the n-well is formed. Additionally, it is to be appreciated that the PMOS structure can be 
annealed after implanting the n-well implant. Moreover, it is to be appreciated that 
instead of forming a PMOS structure, an NMOS structure can be formed in the substrate, 
or that a plurality of NMOS and PMOS structures can be formed in the substrate, such as 
part of a CMOS process. The NMOS structure can have n and n + source/dram regions 
instead of p and p + source/drain regions. It is further to be appreciated, that a control 
gate can be formed over the oxide layer overlying the gate. The control gate layer can 
then be etched to form a stacked gate structure. 

What has been described above includes examples and implementations of the 
present invention. Because it is not possible to describe every conceivable combination 
of components, circuitry or methodologies for purposes of describing the present 
invention, one of ordinary skill in the art will recognize that many further combinations 
and permutations of the present invention are possible. Accordingly, the present 
invention is intended to embrace all such alterations, modifications and variations that 
fall within the spirit and scope of the appended claims. 
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